The knowledge-capital model acknowledges that FDI has both vertical as well as horizontal elements. However, there is much controversy with regard to the empirical relevance of vertical FDI. We re-investigate this issue by looking at FDI at a more disaggregated level, using data on bilateral FDI in manufacturing and services for a number of industrialised countries. Our results are strongly supportive of a vertical FDI component within manufacturing. However, for service FDI our estimation results only give support to horizontal FDI. These findings clearly indicate that, once we take the heterogeneity in types of FDI into account, we can draw a more differentiated picture than previous studies providing evidence for vertical investment in manufacturing but not in services FDI.
I Introduction
In the wake of increasing "globalization" of the world economy, the location decisions of multinational firms have become intensely scrutinized in the public debate and popular media. A glance at the business press papers shows plenty of recent examples of firms moving part of their production facilities abroad, a move accompanied by an animated debate on the possible reasons for the decision and implications for the home country. In the public debate, production cost differences are generally highlighted as reasons for establishing facilities overseas -an indication of "vertical investment" by multinationals.
Of course, vertical investment is only one aspect of multinational activity, the other being horizontal investment.
1 Recently, Markusen (2002) provides a comprehensive model in which both types of multinational firms can emerge endogenously, depending on characteristics of the home and host country. This model has become known as the knowledge-capitalmodel (KC). Carr, Markusen and Maskus (2001) provide an empirical estimation of this model and find evidence for both horizontal and vertical investment activity in their data for US multinationals. However, Blonigen, Davies and Head (2003) argue that the empirical implementation of the model in Carr et al. is misspecified. Once specifying it correctly, they find no evidence for vertical investment in their empirical analysis.
This lack of evidence for vertical investment is puzzling, not least because of the plentiful case studies and anecdotes showing that firms move abroad to save on production costs, i.e., invest vertically. In the general equilibrium perspective of the KC model this should be mirrored by foreign direct investment (FDI) being responsive to differences in relative factor endowments, which is not the case in the empirical analysis by Blonigen et al. (2003) .
Recently a few studies have emerged that show that by using different econometric specifications or definitions of variables, the vertical investment motive attracts some evidence in 1 See, for example, Markusen (1984) and Markusen and Venables (1998) for models of the former, and Helpman (1984) and Helpman and Krugman (1985) for models of the latter form of multinational activity.
2 an empirical estimation of the KC model (see, Braconier, Norbäck and Urban (2004) and Davies (2004) ).
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What has been neglected in the literature thus far is, however, a recognition that different types of FDI may be driven by different motives. In this paper, we take this into account and look specifically at differences between manufacturing and services FDI. We argue that vertical investment in the knowledge capital model most appropriately describes manufacturing, rather than services activity. Our results show that, even in the basic estimation a la Blonigen et al. (2003) we find evidence for vertical investment in manufacturing, but not in services activities of multinationals. We implement our empirical approach using bilateral data on FDI for European and major non-European countries for the period 1994 to 2001, rather than unilateral data on US FDI as have been used in the studies by Carr et al. (2001) and Blonigen et al. (2003) . While Blonigen et al. also estimate an additional model using OECD data, their data only cover 1982 to 1992, hence our analysis looks at a much more up-to-date time period. Furthermore, we allow for bilateral fixed effects in order to avoid omitted variable bias by controlling adequately for time invariant factors such as institutional and cultural factors that may determine foreign direct investment.
Section II discusses the theoretical background and summarizes previous empirical work.
Section III introduces the empirical model and describes the data set, while the estimation results are discussed in Section IV. Finally, Section V concludes.
II Theoretical Background
Foreign direct investment essentially represents activities of multinational firms. Up until recently the theoretical literature on multinational firms was divided into models concerned with horizontal and vertical multinationals, respectively.
Horizontal multinational firms can be characterized as multi-plant firms that produce similar goods and services in different countries. Models on horizontal multinational firms include seminal contributions by Markusen (1984) , Horstmann and Markusen (1987) and Markusen and Venables (1998) . The establishment of horizontal multinationals is essentially determined by a trade-off between economies of scale and trade costs. If trade costs were non-existing there would only be single-plant firms serving all markets from one location fully utilizing economies of scale. In this type of models trade and multinational activities are substitutes.
Vertical multinationals on the other hand are multi-plant firms that geographically fragment production into stages with different factor intensities economizing on factor price differences between countries. Models on vertical multinationals include Helpman (1984) and Helpman and Krugman (1985) . Vertical multinationals in this class of models arise due to differences in relative factor endowments between countries. Trade costs are impediments to the establishment of multinational firms. As opposed to the implications of horizontal models, trade and vertical multinationals' activities are complements.
The recent contributions to the theoretical literature by Markusen (2002) In the empirical literature on the location of multinationals, a well known paper by Brainard (1997) is one of the first papers that estimates an empirical model of FDI closely related to the theory of horizontal multinationals. She presents evidence suggesting the importance of the "proximity-concentration hypothesis" for explaining the operations of horizontal multinationals.
More recently, a number of studies have emerged that are direct implementations of the knowledge-capital model. Related to the theory, variables used to identify the two different investment motives are differences in size and skill endowments between the home and the host country. Horizontal FDI is expected to dominate if countries are similar in relative size and endowments, hence FDI is assumed to be negatively related to variables measuring size and endowment differences. Vertical investment, on the other hand, is expected to increase with increasing differences in skill endowments. Therefore, an estimated positive coefficient on the proxy for differences in skill endowments is taken as evidence suggestive of vertical FDI. Carr et al. (2001) use bilateral data for the US and a number of partner countries and specify an empirical model closely related to the theory. They find that total FDI decreases with differences in market size, but increases with differences in relative endowments between the US and the partner countries. The former result suggests horizontal investment, while the latter finding is consistent with vertical multinationals. Hence, their analysis provides evidence for both types of investment in the data. In an extension of that analysis, using a similar data set and empirical specification, Markusen and Maskus (2001) however show that the support for the vertical motive in the earlier paper has to be qualified. In a specification using only data for US outward FDI they do not find evidence for vertical investment; a finding they explain mainly by the extremely large market size of the US relative to the partner countries. Blonigen et al. (2003) argue that the original empirical implementation used by Carr et al. (2001) mis-specifies the proxy for relative skill endowments, the crucial variable to identify vertical FDI in the model. They show that, once correcting for the mis-specification, they do not find any evidence for vertical investment using the same data and specification as used by Carr et al. In their estimation, the evidence strongly supports horizontal FDI instead.
They also apply the model to a sample of OECD data, with the same result.
A couple of recent papers argue that the failure to pick up vertical investment in the data is due to incomplete specification of the estimation equation in the earlier papers. Davies (2004) argues that a simple variable capturing relative endowments is not sufficient to capture vertical FDI. He shows that, when including a squared term of the relative skill endowments, there is some evidence for vertical investment in a sample of US FDI similar to the data used by Blonigen et al. (2003) , and, to a lesser extent, also in a sample of OECD bilateral data. Braconier et al. (2004) also use different skill measures, which they argue are more closely related to theory, and find evidence for vertical FDI in OECD data.
Our paper takes a different approach towards solving the "vertical investment controversy". We go back to the specification used by Carr et al. (2001) taking account of the criticism by Blonigen et al. (2003) . We argue that a reason for the failure to detect vertical FDI in this specification is that all papers thus far use data on total FDI and, hence, disregard the potential heterogeneity in different types of multinational activity. Specifically, we
show that distinguishing manufacturing and services FDI is fruitful. Vertical multinationals 6 in the KC model are firms that move production processes to an unskilled labour abundant country, while headquarter services remain in the skilled labour abundant home country.
The final (manufactured) good is then exported back to the home country. Arguably, this set up of vertical multinationals most appropriately describes manufacturing, rather than services activities, popular examples being sportswear or computers. Services, on the other hand, remain to a large part non-tradeable and foreign investment in these activities can, hence, be mostly assumed to be of a horizontal nature.
3 In our empirical estimations we find evidence for vertical FDI in manufacturing but not in services activities of multinational firms.
III Econometric Model and Data
We expand on Carr et al. (2001) and Blonigen et al. (2003) and estimate the following basic two-way panel model to explain bilateral FDI between countries i and j :
where F DI ijt denotes the total outward stock of foreign direct investment from country i in country j at time t in real terms. The explanatory variables are closely related to the KC model. as services FDI, given the predominance of services in non-manufacturing activities.
Our data relate to the period 1994 to 2001. While coverage of total FDI is fairly complete in the New Cronos data base, coverage of FDI in manufacturing industries is less satisfactory.
In order to make our results comparable across manufacturing and services industries we also estimate the model for a joint sample where we only use observations for which both, total FDI as well as FDI in manufacturing are known. Since the Economic Freedom Index is not available for all years we replaced missing information with previously available data in the respective year. Descriptive statistics on all variables of the model can be found in Table 4 . Table 2 Column I presents the estimated coefficients for the basic model using data on total FDI. Note, firstly, that an F-test for the joint significance of the bilateral fixed effects rejects the hypothesis that these are jointly equal to zero. Hence, the inclusion of this time invariant variable in the estimation is appropriate, and non-inclusion may lead to biased results.
IV Estimation results
In terms of the market size variables, our estimation supports the horizontal aspects of the KC model. Total FDI is positively associated with increasing size of both markets, but decreases as the two countries become more dissimilar in terms of their GDP.
We allow for different coefficients for country pairs with negative or positive endowment differences by including an interaction term between the absolute endowment difference and a dummy variable equal to one if the endowment difference is positive. This is in the spirit of Blonigen et al. (2003) who argue that the effects of endowment differences are not symmetric, that is they depend on whether the parent or the host country is more skill abundant.
Blonigen et al. therefore estimate the model separately for a sample with positive and a sample with negative endowment differences. However, estimation over the full sample and simply interacting endowment differences is more efficient. The coefficients on endowment differences are statistically significant and negative indicating a dominance of horizontal FDI.
The interaction term of endowment and size differences is found to have a negative sign as predicted by the KC model. Trade costs particularly export costs have positive, albeit only weakly significant effects on FDI in this baseline specification. While these estimations provide, hence, some support to the horizontal motive, there is no statistically significant evidence to suggest vertical investment by multinationals. This is in line with Carr et al. (2001) and Blonigen et al. (2003) . Hence, even though the definition of some of our variables differ from those papers, we obtain similar results on aggregate. Of course, so far
we have looked at aggregate outward stocks of FDI only. These, as previously discussed, are dominated by investment in services industries. The KC model, however, arguably fits best to manufacturing industries. We, therefore, distinguish total FDI into manufacturing and services and re-estimate Equation 1 for these two types of multinational activity separately.
Since the data on FDI, in total, services and manufacturing only partly overlap we reestimate the model only using the joint sample for which data is available for all types of FDI. For the baseline specification with total FDI the formerly statistically significantly negative coefficients on endowment differences are now rendered insignificant. Also, we find no statistically significant trade cost effects on FDI (see Table 2 Column II) which can be explained by the different sample that exludes a number of country-partner pairs.
Columns III and IV in Table 2 present the estimated coefficients for service and manufacturing FDI. Again, for both types of FDI common market size has a strong statistically significantly positive effect on bilateral FDI while country size differences are found to be detrimental to FDI. As we expected, we can observe differences in the effects of endowment differences, the variable that according to Carr et al. (2001) allows us to distinguish vertical and horizontal FDI, for the two types of FDI.
For FDI in services we find no statistically significant effect of endowment differences indicating that FDI in services is likely dominated by horizontal FDI (see Table 2 Column III). Contrasting these results we find a positive and statistically significant coefficient on endowment differences for FDI in manufacturing. Furthermore this effect is indeed not symmetric. In line with the results of Blonigen et al. (2003) and Davies (2004) we find that for source countries that are better endowed with skills than the host country endowment differences have a smaller -yet still positive -impact on manufacturing FDI. Our results therefore indicate the presence of a vertical component to manufacturing, but not services FDI in the data.
In order to check the sensitivity of our results we estimate further specifications including additional control variables. Firstly we add the average tariff rate, which is a component of trade costs arguably not captured by the cif-over-fob trade costs variable. Also we include the Economic Freedom Index of the respective host country as a potential indicator of investment costs. However, both additional control variables are statistically insignificant in all specifications and our results are not affected by this exercise (see Table 3 ).
Thus, independent of the used sample and chosen model specification our results suggest that the vertical component of the KC model fits better the data for manufacturing than for services FDI. This is intuitively plausible, as the set up of the theoretical model, in particular the description of vertical investment, arguably better describes manufacturing than services activities. The findings of our paper highlight that, once we take account of this heterogeneity in types of FDI, a simple implementation of the KC model a la Carr et al. (2001) and Blonigen et al. (2003) provides evidence for vertical investment in manufacturing but not in services FDI. This suggests that using data which aggregate manufacturing and other types of FDI may induce aggregation bias and hence make it more difficult to find convincing evidence for the KC model.
V Conclusion
While the recent theoretical literature, namely the KC model acknowledges that FDI has both vertical as well as horizontal elements there is much controversy with regard to the empirical relevance of vertical FDI. This controversy, however, can be resolved by looking at FDI at a more disaggregated level.
We expand on Carr et al. (2001) and Blonigen et al. (2003) in at least three ways. First, we differentiate between FDI in manufacturing and services and re-estimate the KC model for each separately. Second instead of using U.S. affiliate data we estimate the model for a large panel of 354 country-partner pairs controlling for bilateral fixed effects. Third, we allow for bilateral fixed effects in order to control for time invariant factors that may influence FDI. We also take account of the criticism by Blonigen et al. (2003) and calculate endowment differences in absolute values and allow the effect of the variable to differ according to whether 13 the home is more or less skill abundant than the host country. This is, however, achieved by interaction terms instead of by splitting up the sample and gives more efficient estimates.
We find a significant positive effect of endowment differences on manufacturing FDI, thus our results are strongly supportive of a vertical FDI component within manufacturing.
However, for service FDI our estimation results only give support to horizontal FDI. These findings clearly indicate that, once we take the heterogeneity in types of FDI into account, we can draw a more differentiated picture than Blonigen et al. (2003) and Carr et al. (2001) providing evidence for vertical investment in manufacturing but not in services FDI. This suggests that the study of the determinants of FDI greatly benefits from the use of less aggregated data and after all lends support to the KC model at least within manufacturing industries. 
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